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INTRODUCTION 
Modern signal processing techniques used in computing flaw 
impulse response are based on comparative analysis of a reference 
signal with the signal scattered from flaws. The underlying 
hypothesis in these techniques is that, in the noise free case, the 
scattered flaw signal is due to the linear convolution of the 
ultrasonic reference signal with the flaw impulse response. The 
flaw characterization problem thus reduces to determining the 
kernel of the convolution integral given the input and output time 
signals. The impulse response recovery (system identification) has 
been carried out both in the frequency and time domains for flaw 
characterization. 1-3 
Actual signals generated as a result of measurements in NDE 
applications are never noise free. A more realistic model would 
provide for a convolutional component of noise due to coherent 
clutter and grain scattering plus an additive component due to 
electronic noise and random experimental errors. Incorporation of 
these concepts can be described by 
yet) = sr(t) * [mf(t) + n1(t)] + n2(t) (1) 
where S (t) is the ultrasonic reference signal, m (t) is the 
material imp~lse response, n1(t) and n?(t) are coherent clutter, 
grain scattering and electronic noise respectively and yet) is the 
backscattered ultrasonic signal. 
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Estimation of impulse response. mf(t). using the convolutional 
relationship now leads to a non-unique solution. This problem is 
equivalently known as ill-posedness of the integral equation in the 
time domain or the ill conditioning of spectral division in the 
frequency domain. Signal processing literature is replete with 
system identification carried out as an optimization problem with a 
user defined criteria to validate the resulting computations. This 
implicit smoothing of data leads to extraneous ripples in the 
deconvolved impulse response which often obscures user 
interpretation of the results. While the additive component of 
noise can be made arbitrarily small through averaging of repeated 
measurements of the backscattered ultrasonic signal. handling of 
the effect of the convolutional noise component is not as straight-
forward. Under certain assumptions grain scattering affects can be 
minimized through spatial averaging of the backscattered data. 4 It 
should be noted that the coherent component of noise occupies the 
same frequency band as the ultrasonic reference pulse. 
This study was undertaken to explore the applicability of a 
nonlinear processing scheme. homomorphic deconvolution. first 
developed by OppenheimS• to estimation of impulse response in the 
presence of convolutional noise. The incentive for using this 
approach stems from the fact that the complex cepstra* of 
ultrasonic pulses and impulse response will occupy disjointed 
spaces in the cepstral domain due to the band limited nature of the 
ultrasonic pulses used. Simple gating in the cepstral domain. 
therefore. can lead to recovery of either the ultrasonic pulse or 
the material impulse response. 
METHODS AND DATA HANDLING 
Ultrasonic flaw signals were synthesized from a 7.5 MHz 
ultrasonic pulse (reflected from the front surface of a material 
sample) convolved with various arbitrary reflector sequences. The 
data was digitized at 125 MHz which is clearly sufficient to avoid 
aliasing and stored on disk. Fast Fourier Transform (FFT) and 
cepstral processing routines used in this study were adapted from 
literature to operate in a user interactive mode. Convolved noise 
computations were carried out as follows 
n1(t) at various dB levels was computed using 
(SNR)dB = 10 log10 v s 
v 
n 
(2) 
(3) 
*defined as the inverse Fourier transform of the complex logarithm 
of a Fourier transformed signal. 
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where v and v are variances of s (t) and n1(t) respectively. 
yet) wa~ then ~ynthesized accordin~ to equat10n (2) and the actual 
SNR was computed in both frequency and time domains using equation 
(3) above and 
p (w) (SNR)dB = 10 logiO s 
p (w) 
n 
(4) 
with the signal defined as (mf(t) * sr(t) ) and convolved noise as 
n i (t) * s/t) . 
RESULTS AND DISCUSSION 
Figure 1 shows the processed results for noise free data where 
the separation between reflectors is less than a wavelength (small 
flaws) and greater than a wavelength (large flaws). As can be 
observed from the complex cepstra, the first arrival is not 
identified for small flaws and simple gating cannot be used for 
recovery of the impulse response. If, however, the reference 
signal is used with the backscattered signal (Figure 2) the first 
arrival is clearly visible. 
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Figure 3 above shows impulse response recovery using 
exponential weighting* for gate widths of -80, 256(3 ), -256, 
80(3 ) and -256,107(3). The recovered impulses canabe easily iden~ified with refergnce to the impulse at the origin (magnitude 
of 1.0). The separations between the impulse at the origin and the 
reflectors in the estimated impulse response is exactly the same as 
in the original reflector series as are the amplitudes. High 
frequency ripples seen in the data are due to imperfect removal of 
contributions of the ultrasonic signal and due to the rectangular 
gate used. Use of comb filtering to recover the impulse response 
through knowledge of echo arrivals in the cepstral domain can lead 
to essentially noise free recovery of impulse response. However, 
we do not recommend use of such windows in a practical situation 
since it implies a priori knowledge of the material impulse 
response curve. As long as the gate width was chosen so as to 
exclude contributions from first arrival and beyond, ultrasonic 
pulse recoveries (not shown here) were excellent in both amplitude 
and time. Figure 4 shows impulse response recovery from a sample 
containing many flaws with arbitrary amplitudes. As can be 
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discerned. both the ultrasonic pulse (wavelet) and the impulse 
train using homomorphic deconvolution bear very strong resemblance 
to the original data (amplitude and time separation) in spite of 
the fact that a simple rectangular window was used. Figure 5 shows 
a comparison between flaw signals for noise free and 7 dB convolved 
noise cases. While one can visually identify at least a reflected 
signal in the noise free case no such identification is possible 
for the 7 dB noise case. Figure 6 shows impulse train recovery for 
data with convolved noise at 21 dB. 18 dB and 7 dB below the 
signal. The excellent recovery of the impulse train is to be 
contrasted with the wavelet recovery (Figure 7) where the convolved 
noise leads to large ripples for the 7 dB case. If one is 
interested in wavelet recovery a different gate width provides the 
intended results with ripples in the recovered impulse response. 
These results do support the hypothesis that impulse response 
recovery is indeed possible provided one assumes that the 
ultrasonic pulse does not change shape as it propagates through the 
media and only impulse response recovery is required. Under these 
assumptions the contributions of the coherent noise component can 
be lumped together with the ultrasonic pulse. It should be noted 
that ultrasonic pulse invariancy with depth is implicit in both the 
time and frequency domain methods currently used in NDE methodology. 
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CONCLUSIONS 
Homomorphic deconvolution does appear to offer substantial 
advantages over conventional deconvolution procedures for impulse 
response recovery. Our experience with limited number of 
laboratory fabricated material samples suggests that interpretation 
of the estimated impulse response for noisy signals is greatly 
facilitated if one uses homomorphic deconvolution in conjunction 
with another deconvolution methodology which smooths data and 
suppresses noise at the cost of reduced resolution. Great caution 
should be exercised in extrapolating our results to actual 
situations where it is known that the ultrasonic interrogating 
pulse suffers frequency dependent attenuation. 
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DISCUSSION 
M.J. Buckley (Rockwell International Science Center): How sensitive 
is this to the signal-to-noise? With a very weak signal, what 
does it look like in processing? 
P.K. Bhagat: There are two ways you can look at it. If it is 
coherent noise or the grain noise, then the cepstral process 
seems to be much better. You can go down as low as 6 dB with-
out any problems. With additive noise, it is not that very 
good, because the additive noise tends to spread allover the 
cepstral domain. 
